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1 Introduction
During RAN1#87 it was agreed to introduce positioning support based on OTDOA for NB-IoT. The agreements are summarized in [1], and the higher layer parameters are provided in [2]. The corresponding signalling changes needed to accommodate the agreements in LPP, TS 36.355, have been discussed via email as reported in [3]. 
This paper addresses some further changes needed. 
2 Text Proposal with Motivations
2.1 Clause 6.5.1 – Positioning Method IEs, OTDOA Positioning

2.1.1 Clause 6.5.1.2
- OTDOA Assistance Data Elements

In [3], there are two options presented:

· Option 1 - introducing a new IE for NPRS configuration to be added to the existing reference and neighbor cells. The analysis in [3] indicates that this is more appropriate when both PRS and NPRS are configured and they have overlapping/same configurations. In case only NPRS is configured, there will be some overhead from the non-included optional parameters that are not needed.
· Option 2 - introducing new IEs for NB reference and neighbor cells. In [3], this is seen as more appropriate when only NPRS is configured. In case both PRS and NPRS are configred, then one issue is that the LTE/PRS and NB-IoT/NPRS cells need to somehow be associated, which can imply additional overhead.
In order to make the assistance data compact and efficient, it is important with a reasonable handling of default values. In particular in case both PRS and NPRS are configured, it is relevant to introduce conditional presence for some information so that the same information is not repeated unnecessarily. In the below subsections, we provide text proposals to introduce such conditional presence.
2.1.1.1 PRS-Info-NB

The following fields may have been provided by a configured PRS, and are only present if they are different:

· nprs-ID-r14 – can also be provided via PRS ID or PCI of the corresponding LTE cell

· nprs-MutingInfoB-r14 – can also be provided via the PRS muting of the corresponding LTE cell
The following field may be needed in case the corresponding LTE PRB number cannot be determined via other assistance data, see [4].

· prb-No-r14 – can also be determined based on the EARFCN of the corresponding LTE cell
Proposal 1: Introduce the text proposal for Prs-Info-NB
For the new IE PRS-Info-NB, we have the following text proposal:
–  
PRS-Info-NB
The IE PRS-Info-NB provides the information related to the configuration of NPRS in a cell.

-- ASN1START

PRS-Info-NB-r14 ::= SEQUENCE (SIZE (1..maxCarrier-r14)) OF NPRS-Info-r14

NPRS-Info-r14 ::= SEQUENCE {


operationMode-r14


ENUMERATED { inband, standalone },

nprs-carrier-r14


CarrierFreq-NB-r14




OPTIONAL,

-- Cond Inband


nprsID-r14




INTEGER (0..4095)




OPTIONAL,

-- Cond PRS-ID
    prb-No-r14




INTEGER (0..99)




OPTIONAL,

-- Cond PRB-No

partA-r14




SEQUENCE {



dl-bitmap-NB-r14

CHOICE {




subframePattern10-r14
BIT STRING (SIZE (10)),




subframePattern40-r14  
BIT STRING (SIZE (40))




},



nprs-MutingInfoA-r14
CHOICE {




po2-r14




BIT STRING (SIZE(2)),




po4-r14




BIT STRING (SIZE(4)),




po8-r14




BIT STRING (SIZE(8)),




po16-r14



BIT STRING (SIZE(16)),




...



}














OPTIONAL,

-- Cond MutingA



...


}















OPTIONAL,

-- Cond PartA


partB-r14




SEQUENCE {



nprs-Period-r14


ENUMERATED { ms160, ms320, ms640, ms1280, ... },



nprs-startSF-r14

ENUMERATED { sf0, sf1-8, sf2-8, sf3-8, sf4-8, sf5-8,

 










 sf6-8, sf7-8, ...},



nprs-NumSF-r14


ENUMERATED { sf10, sf20, sf40, sf80, sf160, sf320,

 










 sf640, sf1280, ...},



nprs-MutingInfoB-r14
CHOICE {




po2-r14




BIT STRING (SIZE(2)),




po4-r14




BIT STRING (SIZE(4)),




po8-r14




BIT STRING (SIZE(8)),




po16-r14



BIT STRING (SIZE(16)),




...



}














OPTIONAL,

-- Cond MutingB



...


}















OPTIONAL,

-- Cond PartB


...
}
maxCarrier-r14
INTEGER ::= TBD
-- ASN1STOP

	Conditional presence
	Explanation

	Inband
	The field is optionally present, need OP, if the NPRS is configured within the LTE spectrum allocation (inband deployment). Otherwise the field is not present.

	PRS-ID
	The field is mandatory present, if the NPRS is generated based on the PRS-ID [16], different from the PCI, or if it is different from the configuration provided for PRS. Otherwise the field is not present.

	MutingA
	The field is mandatory present, if muting is used for the NPRS Part A configuration. Otherwise the field is not present.

	PartA
	The field is mandatory present, if NPRS is configured based on a bitmap of subframes which are not NB-IoT DL subframes (i.e., invalid DL subframes) (Part A configuration). Otherwise the field is not present.

	MutingB
	The field is mandatory present, if muting is used for the NPRS Part B configuration and it is different from the muting defined in PRS-Info or cePRS-Info. Otherwise the field is not present.

	PartB
	The field is mandatory present, if NPRS is configured based on a NPRS period, a NPRS subframe offset, and a number of consecutive NPRS downlink subframes per positioning occasion (Part B configuration), and any of these are different from the PRS configuration in PRS-Info or cePRS-Info. Otherwise the field is not present.
If NPRS configuration Part A and Part B are both configured, then a subframe contains NPRS if both configurations indicate that it contains NPRS.

	PRB-No
	This field is mandatory present, if the NPRS is configured within the LTE spectrum allocation (inband deployment) and the LTE carrier frequency is not provided in the assistance data. Otherwise it is not present.


	PRS-Info-NB field descriptions

	operationMode
This field specifies the operation mode of the NPRS carrier. The value ‘standalone’ indicates standalone or guardband operation mode. 

	nprs-carrier
This field specifies the NB-IoT carrier frequency for the NPRS. If this field is absent, the carrier frequency is the same as provided in IE OTDOA-ReferenceCellInfo and IE OTDOA-NeighbourCellInfoList. 

	nprsID
This field specifies the NPRS-ID as defined in [16]. 

	subframePattern10, subframePattern40

This field specifies the NPRS subframe Part A configuration over 10ms or 40ms. Subframes not containing NPRS are indicated with value ‘0’ in the bitmap; subframes containing NPRS are indicated with value ‘1’ in the bitmap. The first/leftmost bit corresponds to the subframe #0 of the radio frame satisfying SFN mod x = 0, where x is the size of the bit string divided by 10. 

	nprs-MutingInfoA
This field specifies the NPRS muting configuration of the NB-IoT carrier Part A configuration. The NPRS muting configuration is defined by a periodic NPRS muting sequence with periodicity TREP where TREP, counted in the number of NPRS positioning occasions, can be 2, 4, 8, or 16 which is also the length of the selected bit string that represents this NPRS muting sequence. If a bit in the NPRS muting sequence is set to ‘0’, then the NPRS is muted in the corresponding NPRS positioning occasion. A NPRS positioning occasion for Part A comprises one radio frame (i.e.,  10 subframes). The first/leftmost bit of the NPRS muting sequence corresponds to the first NPRS positioning occasion that starts after the beginning of the assistance data reference cell SFN=0. The sequence is valid for all subframes after the target device has received the prs-MutingInfoA. 

When the SFN of the assistance data reference cell is not known to the target device and prs-MutingInfoA is provided for a cell in the OTDOA-NeighbourCellInfoList IE, the target device may assume no NPRS is transmitted by that cell.

	nprs-Period
This field specifies the NPRS occasion period TNPRS [16]. Enumerated values correspond to 160ms, 320ms, 640ms, and 1280ms. 

	nprs-startSF
This field specifies the subframe offset of the NPRS positioning occasion, defined by (TNPRS [16]. Enumerated values correspond to  of 0, 1/8, 2/8, 3/8, 4/8, 5/8, 6/8, or 7/8 milli-seconds, with TNPRS given by the nprs-Period field.

	nprs-NumSF
This field specifies the number of consecutive downlink subframes NNPRS in one NPRS positioning occasion [16]. Enumerated values correspond to 10, 20, 40, 80, 160, 320, 640, and 1280 subframes.

When the target device receives a nprs-NumSF which exceeds the nprs-Period (i.e., NNPRS > TNPRS), the target device may assume no NPRS is transmitted by that cell.

	nprs-MutingInfoB
This field specifies the NPRS muting configuration of the NB-IoT carrier Part B configuration. The NPRS muting configuration is defined by a periodic NPRS muting sequence with periodicity TREP where TREP, counted in the number of NPRS positioning occasions, can be 2, 4, 8, or 16 which is also the length of the selected bit string that represents this NPRS muting sequence. If a bit in the NPRS muting sequence is set to ‘0’, then the NPRS is muted in the corresponding PRS positioning occasion. A NPRS positioning occasion for Part B comprises NNPRS consecutive downlink positioning subframes, where NNPRS is given by the nprs-NumSF field. The first/leftmost bit of the NPRS muting sequence corresponds to the first NPRS positioning occasion that starts after the beginning of the assistance data reference cell SFN=0. The sequence is valid for all subframes after the target device has received the prs‑MutingInfoB. 

When the SFN of the assistance data reference cell is not known to the UE and prs-MutingInfoB is provided for a cell in the OTDOA-NeighbourCellInfoList IE, the target device may assume no NPRS is transmitted by that cell.
When the UE receives a TREP-bit muting pattern together with a NPRS periodicity TNPRS for the same carrier which exceeds 10240 subframes (i.e., TREP × TNPRS > 10240 subframes), the target device shall assume an n-bit muting pattern based on the first n bits, where n = 10240/TNPRS.


2.1.1.2 Option 1

With Option 1 and both PRS and NPRS configured, some fields are the same such as PCI, but also PRS ID and muting patterns. It also requires some changes to the OTDOA cell info lists as discussed in [4] and [5]:

· For Part A, aligning positioning occasions between cells leads to an alignment of the frame structures and SFNs as discussed in [4]. In order to let the frame structure and SFN planning be flexible, it it proposed to introduce an NPRS occasion offset nprs-OccasionOffset-r14 applicable to the neighbour cells. 
· For Part B, the granularity of the subframe offset implies that the frames and SFNs need to be aligned as discussed in [5]. To enable a flexible planning of frames and SFNs, it is proposed that the nprs-SubframeOffset-r14 is applicable also to NPRS configurations with neighbours at the same carrier frequency as the reference cell. Therefore, the proposal is to remove the conditional presence InterFreq of the nprs-SubframeOffset-r14.
Proposal 2: Introduce the text proposal for OTDOA-NeighbourCellInfoElement in case Option 1 is selected when introducing OTDOA in LPP.
-- ASN1START

OTDOA-NeighbourCellInfoList ::= SEQUENCE (SIZE (1..maxFreqLayers)) OF OTDOA-NeighbourFreqInfo

OTDOA-NeighbourFreqInfo ::= SEQUENCE (SIZE (1..24)) OF OTDOA-NeighbourCellInfoElement
OTDOA-NeighbourCellInfoElement ::= SEQUENCE {

physCellId






INTEGER (0..503),


cellGlobalId





ECGI



OPTIONAL,

-- Need ON


earfcn







ARFCN-ValueEUTRA
OPTIONAL,

-- Cond NotSameAsRef0


cpLength






ENUMERATED {normal, extended, ...} 
















OPTIONAL,

-- Cond NotSameAsRef1


prsInfo







PRS-Info


OPTIONAL,

-- Cond NotSameAsRef2


antennaPortConfig




ENUMERATED {ports-1-or-2, ports-4, ...}
















OPTIONAL,  

-- Cond NotsameAsRef3


slotNumberOffset




INTEGER (0..19)

OPTIONAL,

-- Cond NotSameAsRef4


prs-SubframeOffset




INTEGER (0..1279)
OPTIONAL,

-- Cond InterFreq


expectedRSTD





INTEGER (0..16383),


expectedRSTD-Uncertainty


INTEGER (0..1023),


...,


[[ earfcn-v9a0




ARFCN-ValueEUTRA-v9a0
OPTIONAL

-- Cond NotSameAsRef5


]],


[[ tpId-r14





INTEGER (0..4095)

OPTIONAL,

-- Need ON


   prs-only-tp-r14



ENUMERATED { true }

OPTIONAL,

-- Cond TBS


   cpLengthCRS-r14



ENUMERATED { normal, extended, ... }

















OPTIONAL,

-- Cond CRS


   sameMBSFNconfigNeighbour-r14
BOOLEAN




OPTIONAL,

-- Need ON

   carrierFreqOffsetNB-r14

CarrierFrqOffsetNB-r14
OPTIONAL,

-- Cond NB-IoT

   nprsInfo-r14




PRS-Info-NB-r14


OPTIONAL,

-- Cond NotSameAsRef6


   nprs-SubframeOffset-r14

INTEGER (0..1279)

OPTIONAL,


   nprs-OccasionOffset-r14

INTEGER (0..39)


OPTIONAL

]]

}
maxFreqLayers
INTEGER ::= 3

-- ASN1STOP

	Conditional presence
	Explanation

	NotsameAsRef0
	The field is absent if earfcn-v9a0 is present. If earfcn-v9a0 is not present, the field is mandatory present if the EARFCN is not the same as for the assistance data reference cell; otherwise it is not present.

	NotsameAsRef1
	The field is mandatory present if the cyclic prefix length is not the same as for the assistance data reference cell; otherwise it is not present.

	NotsameAsRef2
	The field is mandatory present if the PRS configuration is not the same as for the assistance data reference cell; otherwise it is not present.

	NotsameAsRef3
	The field is mandatory present if the antenna port configuration is not the same as for the assistance data reference cell; otherwise it is not present.

	NotsameAsRef4
	The field is mandatory present if the slot timing is not the same as for the assistance data reference cell; otherwise it is not present.

	NotSameAsRef5
	The field is absent if earfcn is present. If earfcn is not present, the field is mandatory present if the EARFCN is not the same as for the assistance data reference cell; otherwise it is not present.

	InterFreq
	The field is optionally present, need OP, if the EARFCN is not the same as for the assistance data reference cell; otherwise it is not present.

	TBS
	The field is mandatory present if the OTDOA-NeighbourCellInfoElement is provided for a PRS-only TP; otherwise it is not present. 

	CRS
	The field is optionally present, need ON, if prsInfo is present. Otherwise it is not present.

	NB-IoT
	The field is optionally present, need ON, if the OTDOA-NeighbourCellInfoElement is provided for a NB-IoT carrier. Otherwise it is not present.

	NotSameAsRef6
	The field is mandatory present if the NPRS configuration is not the same as for the assistance data reference cell; otherwise it is not present.


	OTDOA-NeighbourCellInfoList field descriptions

	physCellId

This field specifies the physical cell identity of the neighbour cell, as defined in [12].

	cellGlobalId

This field specifies the ECGI, the globally unique identity of a cell in E-UTRA, of the neighbour cell, as defined in [12]. The server should provide this field if it considers that it is needed to resolve any ambiguity in the cell identified by physCellId.

	earfcn

This field specifies the EARFCN of the neighbour cell.

	cpLength

This field specifies the cyclic prefix length of the neigbour cell PRS if PRS are present in this neighbour cell, otherwise this field specifies the cyclic prefix length of CRS in this neighbour cell.
If prsInfo field is not present and this neighbour cell is a standalone or guardband NB-IoT carrier, this field shall be ignored by the target device. 

	prsInfo

This field specifies the PRS configuration of the neighbour cell.

When the EARFCN of the neighbour cell is the same as for the assistance data reference cell, the target device may assume that each PRS positioning occasion in the neighbour cell at least partially overlaps with a PRS positioning occasion in the assistance data reference cell where the maximum offset between the transmitted PRS positioning occasions may be assumed to not exceed half a subframe.

When the EARFCN of the neighbour cell is the same as for the assistance data reference cell, the target may assume that this cell has the same PRS periodicity (Tprs) as the assistance data reference cell.

	antennaPortConfig

This field specifies whether 1 (or 2) antenna port(s) or 4 antenna ports for cell specific reference signals are used.
Note, if this neighbor cell is a NB-IoT carrier, this field may only be present if the NB-IoT carrier is deployed within the LTE spectrum allocation (inband NB-IoT carrier).

	slotNumberOffset

This field specifies the slot number offset at the transmitter between this cell and the assistance data reference cell. 

The slotNumberOffset together with the current slot number of the assistance data reference cell may be used to calculate the current slot number of this cell which may further be used to generate the CRS sequence by the target device. The offset corresponds to the number of full slots counted from the beginning of a radio frame of the assistance data reference cell to the beginning of the closest subsequent radio frame of this cell. If this field is absent, the slot timing is the same as for the assistance data reference cell.

	prs-SubframeOffset

This field specifies the offset between the first PRS subframe in the assistance data reference cell on the reference carrier frequency layer and the first PRS subframe in the closest subsequent PRS positioning occasion of this cell on the other carrier frequency layer. The value is given in number of full sub-frames.  If the EARFCN is not the same as for the assistance data reference cell and the field is not present but PRS are available on this cell, the receiver shall consider the PRS subframe offset for this cell to be 0.

	expectedRSTD

If PRS or NPRS is transmitted:

This field indicates the RSTD value that the target device is expected to measure between this cell and the assistance data reference cell. The expectedRSTD field takes into account the expected propagation time difference as well as transmit time difference of PRS or NPRS positioning occasions between the two cells. The RSTD value can be negative and is calculated as (expectedRSTD-8192). The resolution is 3(Ts,  with Ts=1/(15000*2048) seconds.

If PRS and NPRS are not transmitted:

This field indicates the RSTD value that the target device is expected to measure between this cell and the assistance data reference cell. The expectedRSTD field takes into account the expected propagation time difference as well as transmit time difference between the two cells. The RSTD value can be negative and is calculated as (expectedRSTD-8192). The resolution is 3´Ts, with Ts=1/(15000*2048) seconds.

	expectedRSTD-Uncertainty

This field indicates the uncertainty in expectedRSTD value. The uncertainty is related to the location server’s a‑priori estimation of the target device location. The expectedRSTD and expectedRSTD-Uncertainty together define the search window for the target device.

The scale factor of the expectedRSTD-Uncertainty field is 3(Ts, with Ts=1/(15000*2048) seconds. 

If PRS is transmitted:The target device may assume that the beginning of the PRS positioning occasion of the neighbour cell is received within the search window of size [ expectedRSTD-Uncertainty(3(Ts,  expectedRSTD-Uncertainty(3(Ts] centered at 

TREF + 1 millisecond(N + (expectedRSTD8192) (3(Ts, where TREF is the reception time of the beginning of the PRS positioning occasion of the assistance data reference cell at the target device antenna connector, N = 0 when the EARFCN of the neighbour cell is equal to that of the assistance data reference cell, and N = prs-SubframeOffset otherwise.

If NPRS is transmitted:

The target device may assume that the beginning of the NPRS positioning occasion of the neighbour cell is received within the search window of size [ expectedRSTD-Uncertainty(3(Ts,  expectedRSTD-Uncertainty(3(Ts] centered at 

TREF + 1 millisecond(N + (expectedRSTD8192) (3(Ts, where TREF is the reception time of the beginning of the NPRS positioning occasion of the assistance data reference cell at the target device antenna connector, N = 0 when the EARFCN of the neighbour cell is equal to that of the assistance data reference cell, and N = nprs-SubframeOffset otherwise.

If PRS and NPRS are not transmitted:

If Tx is the reception time of the beginning of the subframe X of the assistance data reference cell at the target device antenna connector, the target device may assume that the beginning of the closest subframe of this neighbour cell to subframe X is received within the search window of size [ expectedRSTD-Uncertainty(3(Ts,  expectedRSTD-Uncertainty(3(Ts] centered at Tx + (expectedRSTD8192) (3(Ts,

	tpId

This field specifies an identity of the transmission point. This field together with the physCellId and/or prsID may be used to identify the transmission point in case the same physical cell ID is shared by multiple transmission points.

	prs-only-tp

This field, if present, indicates that the OTDOA-NeighbourCellInfoElement is provided for a PRS-only TP. 

For the purpose of RSTD measurements from a PRS-only TP, the target device shall not assume any other signals or physical channels are present other than PRS [xx].

For the purpose of RSTD measurements from a PRS-only TP, the target device shall use the physCellId only for PRS generation, and only if no PRS-ID is provided for this TP.

	cpLengthCRS

This field specifies the cyclic prefix length of this assistance data neighbour cell CRS. If this field is present, the target device may assume the CRS and PRS antenna ports of this assistance data neighbour cell are quasi co-located (as defined in [16]).

	sameMBSFNconfigNeighbour

This field indicates whether the MBSFN subframe configuration of the neighbour cell is the same as the current primary cell of the target device. TRUE means the same, and FALSE means not the same.

	carrierFreqOffsetNB
This field specifies the offset of the NB-IoT channel number to EARFCN given by earfcn as defined in TS 36.101 [21].

	nprsInfo

This field specifies the NPRS configuration of the neighbour cell.

When the ARFCN of the neighbour cell is the same as for the assistance data reference cell, the target device may assume that each NPRS positioning occasion for each NPRS carrier frequency in the neighbour cell at least partially overlaps with a NPRS positioning occasion for each NPRS carrier frequency in the assistance data reference cell where the maximum offset between the transmitted NPRS positioning occasions may be assumed to not exceed half a subframe.

When the EARFCN of the neighbour cell is the same as for the assistance data reference cell, and NPRS configuration Part B is configured, the target may assume that this cell has the same NPRS periodicity (TNPRS) as the assistance data reference cell for each NPRS carrier frequency.

	nprs-SubframeOffset

This field specifies the offset between the first NPRS subframe in the assistance data reference cell and the first NPRS subframe in the closest subsequent NPRS positioning occasion of this cell. The value is given in number of full sub-frames.  If the field is not present but NPRS are available on this cell, the receiver shall consider the NPRS subframe offset for this cell to be 0.

	nprs- OccasionOffset
This field specifies the offset between the NPRS occasion in the assistance data reference cell and the NPRS occasion of this cell in case Part A is configured. The value is given in number of full sub-frames.  If the field is not present but NPRS are available on this cell, the receiver shall consider the NPRS subframe offset for this cell to be 0.


2.1.2 Option 2
Option 2 also requires some changes to the newly proposed OTDOA cell info lists as discussed in [4] and [5]:

· For Part A, aligning positioning occasions between cells leads to an alignment of the frame structures and SFNs as discussed in [4]. In order to let the frame structure and SFN planning be flexible, it it proposed to introduce an NPRS occasion offset nprs-OccasionOffset-r14 applicable to the neighbour cells. 
· For Part B, the granularity of the subframe offset implies that the frames and SFNs need to be aligned as discussed in [5]. To enable a flexible planning of frames and SFNs, it is proposed that the nprs-SubframeOffset-r14 is applicable also to NPRS configurations with neighbours at the same carrier frequency as the reference cell. Therefore, the proposal is to remove the conditional presence InterFreq of the nprs-SubframeOffset-r14.
Proposal 3: Introduce the text proposal for OTDOA-NeighbourCellInfoElementNB in case Option 2 is selected when introducing OTDOA in LPP.
-- ASN1START

OTDOA-NeighbourCellInfoListNB-r14 ::= SEQUENCE (SIZE (1..maxCells-r14)) OF OTDOA-NeighbourInfoNB-r14
OTDOA-NeighbourCellInfoNB-r14 ::= SEQUENCE {

physCellId-r14




INTEGER (0..503),


cellGlobalId-r14



ECGI



OPTIONAL,

-- Need ON


carrierFreq-r14




CarrierFreq-NB-r14
OPTIONAL,

-- Cond NotSameAsRef0


eutra-NumCRS-Ports-r14


ENUMERATED {ports-1-or-2, ports-4, ...}















OPTIONAL,  

-- Cond NotsameAsRef1


nprsInfo-r14




PRS-Info-NB-r14,


nprs-SubframeOffset-r14


INTEGER (0..1279)
OPTIONAL,

    nprs-OccasionOffset-r14


INTEGER (0..39)

OPTIONAL

expectedRSTD-r14



INTEGER (0..16383),


expectedRSTD-Uncertainty-r14
INTEGER (0..1023),


...
}
maxCells-r14
INTEGER ::= 72
-- ASN1STOP

	Conditional presence
	Explanation

	NotsameAsRef0
	The field is mandatory present if the carrier frequency is not the same as for the NB-IoT assistance data reference cell; otherwise it is not present.

	NotsameAsRef1
	The field is mandatory present if the number of E-UTRA CRS antenna ports is not the same as for the NB-IoT assistance data reference cell; otherwise it is not present.

	
	


	OTDOA-NeighbourCellInfoListNB field descriptions

	physCellId

This field specifies the physical cell identity of the neighbour cell, as defined in [12].

	cellGlobalId

This field specifies the ECGI of the neighbour cell, as defined in [12]. The server should provide this field if it considers that it is needed to resolve any ambiguity in the cell identified by physCellId.

	carrierFreq 

This field specifies the NB-IoT carrier frequency of the neighbour cell.

	eutra-NumCRS-Ports 

This field specifies whether 1 (or 2) antenna port(s) or 4 antenna ports for cell specific reference signals are used.

	nprsInfo

This field specifies the NPRS configuration of the neighbour cell.

When the carrier frequency of the neighbour cell is the same as for the NB-IoT assistance data reference cell, the target device may assume that each NPRS positioning occasion for each NPRS carrier frequency in the neighbour cell at least partially overlaps with a NPRS positioning occasion for each NPRS carrier frequency in the NB-IoT assistance data reference cell where the maximum offset between the transmitted NPRS positioning occasions may be assumed to not exceed half a subframe.

When the carrier frequency of the neighbour cell is the same as for the NB-IoT assistance data reference cell, and NPRS configuration Part B is configured, the target may assume that this cell has the same NPRS periodicity (TNPRS) as the assistance data reference cell for each NPRS carrier frequency.

	nprs-SubframeOffset

This field specifies the offset between the first NPRS subframe in the NB-IoT assistance data reference cell and the first NPRS subframe in the closest subsequent NPRS positioning occasion of this cell. The value is given in number of full sub-frames.  If the field is not present, the receiver shall consider the NPRS subframe offset for this cell to be 0.

	nprs- OccasionOffset
This field specifies the offset between the NPRS occasion in the assistance data reference cell and the NPRS occasion of this cell in case Part A is configured. The value is given in number of full sub-frames.  If the field is not present but NPRS are available on this cell, the receiver shall consider the NPRS subframe offset for this cell to be 0.

	expectedRSTD

This field indicates the RSTD value that the target device is expected to measure between this cell and the NB-IoT assistance data reference cell. The expectedRSTD field takes into account the expected propagation time difference as well as transmit time difference of NPRS positioning occasions between the two cells. The RSTD value can be negative and is calculated as (expectedRSTD-8192). The resolution is 3(Ts,  with Ts=1/(15000*2048) seconds.

	expectedRSTD-Uncertainty

This field indicates the uncertainty in expectedRSTD value. The uncertainty is related to the location server’s a‑priori estimation of the target device location. The expectedRSTD and expectedRSTD-Uncertainty together define the search window for the target device.

The scale factor of the expectedRSTD-Uncertainty field is 3(Ts, with Ts=1/(15000*2048) seconds.

The target device may assume that the beginning of the NPRS positioning occasion of the neighbour cell is received within the search window of size [ expectedRSTD-Uncertainty(3(Ts,  expectedRSTD-Uncertainty(3(Ts] centered at 

TREF + 1 millisecond(N + (expectedRSTD8192) (3(Ts, where TREF is the reception time of the beginning of the NPRS positioning occasion of the NB-IoT assistance data reference cell at the target device antenna connector, N = 0 when the carrier frequency of the neighbour cell is equal to that of the NB-IoT assistance data reference cell, and N = nprs-SubframeOffset otherwise.


2.2 Clause 6.5.1.5 - OTDOA Location Information Elements
In case multiple PRS configurations are in use, it is relevant that the target device reports which PRS configurations that have been used when determining the RSTD. Therefore, we propose to include a field with a list of the used PRS configurations, including also the legacy LTE PRS, e.g. configured via the PRS-Info and the NB-IoT PRS configuration, configured via PRS-Info-NB, and also CE PRS configurations via the cePRS-Info. If this field is missing, then the UE is assumed to have utilized all configured PRS configurations.

Proposal 4: The target device reports the used PRS configurations in case less than all PRS configurations have been used. 
Proposal 5: Introduce the text proposal for OTDOA-SignalMeasurementInformation 
-- ASN1START

OTDOA-SignalMeasurementInformation ::= SEQUENCE {


systemFrameNumber

BIT STRING (SIZE (10)),


physCellIdRef


INTEGER (0..503),


cellGlobalIdRef


ECGI




OPTIONAL,


earfcnRef



ARFCN-ValueEUTRA

OPTIONAL,

-- Cond NotSameAsRef0


referenceQuality

OTDOA-MeasQuality

OPTIONAL,


neighbourMeasurementList
NeighbourMeasurementList,


...,


[[ earfcnRef-v9a0

ARFCN-ValueEUTRA-v9a0
OPTIONAL

-- Cond NotSameAsRef1


]],


[[ tpIdRef-r14


INTEGER (0..4095)

OPTIONAL,

-- Cond ProvidedByServer0


   prsIdRef-r14


INTEGER (0..4095)

OPTIONAL,

-- Cond ProvidedByServer1


   additionalPathsRef-r14









AdditionalPathList-r14
OPTIONAL,


   nprsIdRef-r14

INTEGER (0..4095)

OPTIONAL,

-- Cond ProvidedByServer2


   carrierFreqOffsetNB-Ref-r14







CarrierFrqOffsetNB-r14
OPTIONAL,

-- Cond NB-IoT

   usedPrsConfigListRef-r14








UsedPrsConfigList-r14
OPTIONAL

-- Cond ProvidedByServer3

]]

}

NeighbourMeasurementList ::= SEQUENCE (SIZE(1..24)) OF NeighbourMeasurementElement

NeighbourMeasurementElement ::= SEQUENCE {


physCellIdNeighbour

INTEGER (0..503),


cellGlobalIdNeighbour
ECGI




OPTIONAL,


earfcnNeighbour


ARFCN-ValueEUTRA

OPTIONAL,

-- Cond NotSameAsRef2


rstd




INTEGER (0..12711),


rstd-Quality


OTDOA-MeasQuality,


...,


[[ earfcnNeighbour-v9a0
ARFCN-ValueEUTRA-v9a0
OPTIONAL

-- Cond NotSameAsRef3


]],


[[ tpIdNeighbour-r14
INTEGER (0..4095)

OPTIONAL,

-- Cond ProvidedByServer0


   prsIdNeighbour-r14
INTEGER (0..4095)

OPTIONAL,

-- Cond ProvidedByServer1


   delta-rstd-r14

INTEGER (0..5)


OPTIONAL,


   additionalPathsNeighbour-r14









AdditionalPathList-r14
OPTIONAL,


   nprsIdNeighbour-r14
INTEGER (0..4095)

OPTIONAL,

-- Cond ProvidedByServer2


   carrierFreqOffsetNB-Neighbour-r14








CarrierFrqOffsetNB-r14
OPTIONAL,

-- Cond NB-IoT
       usedPrsConfigListNeighbor-r14








UsedPrsConfigList-r14
OPTIONAL

-- Cond ProvidedByServer3

]]
}

AdditionalPathList-r14 ::= SEQUENCE (SIZE(1..maxPaths-r14)) OF AdditionalPath-r14

maxPaths-r14    INTEGER ::= 2

UsedPrsConfigList-r14 ::= SEQUENCE (SIZE(1..5)) OF UsedPrsConfig-r14

UsedPrsConfig -r14 ::= SEQUENCE {


usedPrsConfig -r14
ENUMERATED {prs, cePrs1, cePrs2, cePrs3, nbPrs}
}
-- ASN1STOP

	Conditional presence
	Explanation

	NotSameAsRef0
	The field is absent if the corresponding earfcnRef-v9a0 is present. Otherwise, the target device shall include this field if the EARFCN of the RSTD reference cell is not the same as the EARFCN of the assistance data reference cell provided in the OTDOA assistance data.

	NotSameAsRef1
	The field is absent if the corresponding earfcnRef is present. Otherwise, the target device shall include this field if the EARFCN of the RSTD reference cell is not the same as the EARFCN of the assistance data reference cell provided in the OTDOA assistance data.

	NotSameAsRef2
	The field is absent if the corresponding earfcnNeighbour-v9a0 is present. Otherwise, the target device shall include this field if the EARFCN of this neighbour cell is not the same as the earfcnRef for the RSTD reference cell.

	NotSameAsRef3
	The field is absent if the corresponding earfcnNeighbour is present. Otherwise, the target device shall include this field if the EARFCN of this neighbour cell is not the same as the earfcnRef for the RSTD reference cell.

	ProvidedByServer0
	The target device shall include this field if a tpId for this transmission point is included in the OTDOA-ProvideAssistanceData. Otherwise the field is absent.

	ProvidedByServer1
	The target device shall include this field if a prsID for this transmission point is included in the OTDOA-ProvideAssistanceData. Otherwise the field is absent.

	ProvidedByServer2
	The target device shall include this field if an nprsID for this transmission point is included in the OTDOA-ProvideAssistanceData. Otherwise the field is absent.

	ProvidedByServer3
	The target device shall include this field if multiple PRS configurations have been provided in the OTDOA-ProvideAssistanceData and not all PRS configurations have been used for estimating timing of the cell. Otherwise the field is absent.

	NB-IoT
	The field is optionally present, need ON, if the cell is a NB-IoT carrier. Otherwise it is not present.


	OTDOA-SignalMeasurementInformation field descriptions

	systemFrameNumber

This field specifies the SFN of the RSTD reference cell containing the starting subframe of the PRS or NPRS positioning occasion if PRS or NPRS are available on the RSTD reference cell, or subframe of the CRS for RSTD measurements if PRS and NPRS are not available on the RSTD reference cell during which the most recent neighbour cell RSTD measurement was performed.

	physCellIdRef 

This field specifies the physical cell identity of the RSTD reference cell.

	cellGlobalIdRef

This field specifies the ECGI, the globally unique identity of a cell in E-UTRA, of the RSTD reference cell. The target shall provide this IE if it knows the ECGI of the RSTD reference cell.

	earfcnRef

This field specifies the EARFCN of the RSTD reference cell.

	referenceQuality

This field specifies the target device’s best estimate of the quality of the TOA measurement from the RSTD reference cell, TSubframeRxRef , where TSubframeRxRef is the time of arrival of the signal from the RSTD reference cell.

	neighbourMeasurementList

This list contains the measured RSTD values for neighbour cells together with the RSTD reference cell, along with quality for each measurement.

	tpIdRef

This field specifies the transmission point ID of the RSTD reference cell.

	prsIdRef

This field specifies the PRS-ID of the RSTD reference cell.

	additionalPathsRef 

This field specifies one or more additional detected path timing values for the RSTD reference cell, relative to the path timing used for determining the rstd value. If this field was requested but is not included, it means the UE did not detect any additional path timing values.

	nprsIdRef

This field specifies the NPRS-ID of the RSTD reference cell. 

	carrierFreqOffsetNBRef
This field specifies the offset of the NB-IoT channel number to EARFCN given by earfcnRef as defined in TS 36.101 [21].

	usedPrsConfigListRef

This field specifies one or more PRS configurations that have been used for timing estimation for the RSTD reference cell. If this field is excluded, it means the used all provided PRS configurations of the reference cell.

	physCellIdNeighbour

This field specifies the physical cell identity of the neighbour cell for which the RSTDs are provided.

	cellGlobalIdNeighbour

This field specifies the ECGI, the globally unique identity of a cell in E-UTRA, of the neighbour cell for which the RSTDs are provided. The target device shall provide this IE if it was able to determine the ECGI of the neighbour cell at the time of measurement.

	earfcnNeighbour

This field specifies the EARFCN of the neighbour cell used for the RSTD measurements.

	rstd

This field specifies the relative timing difference between this neighbour cell and the RSTD reference cell, as defined in [17]. Mapping of the measured quantity is defined as in [18] subclause 9.1.10.3.

	rstd-Quality

This field specifies the target device’s best estimate of the quality of the measured rstd.

	tpIdNeighbour

This field specifies the transmission point ID for the neighbour cell for which the RSTDs are provided.

	prsIdNeighbour

This field specifies the PRS-ID of the neighbour cell for which the RSTDs are provided.

	delta-rstd

This field specifies the higher-resolution RSTD RSTD as defined in [18] subclause 9.1.10.4. Mapping of the measured quantity is defined as in [18] subclause 9.1.10.4.

	additionalPathsNeighbour 

This field specifies one or more additional detected path timing values for the neighbour cell, relative to the path timing used for determining the rstd value. If this field was requested but is not included, it means the UE did not detect any additional path timing values.

	nprsIdNeighbour

This field specifies the NPRS-ID of the neighbour cell for which the RSTDs are provided.

	carrierFreqOffsetNB-Neighbour
This field specifies the offset of the NB-IoT channel number to EARFCN given by earfcnNeighbour as defined in TS 36.101 [21].

	usedPrsConfigListNeighbour

This field specifies one or more PRS configurations that have been used for timing estimation for the RSTD neighbour cell. If this field is excluded, it means the used all provided PRS configurations of the neighbour cell.


2.3 Clause 6.5.1.6 - OTDOA Location Information Request 
Given the limited signalling capacity of NB-IoT, it can be relevant to limit the number of cells that the target device will report to the location server. This can be introduced in the OTDOA-RequestLocationInformation IE
With this alternative, we propose to introduce the new field maxNoOfRSTDMeas-r14, which can be used to limit the number of reported cells to [16] or less.
Proposal 6: Introduce a configurable limit for the number of reported RSTD measurements as in the text proposal for OTDOA-RequestLocationInformation.
-- ASN1START

OTDOA-RequestLocationInformation ::= SEQUENCE {


assistanceAvailability

BOOLEAN,


...,


[[



multipathRSTD-r14

ENUMERATED { requested }
OPTIONAL,

-- Need ON


maxNoOfRSTDMeas-r14

INTEGER (1..16)



OPTIONAL        -- Need ON

]]
}

-- ASN1STOP

	OTDOA-RequestLocationInformation field descriptions

	assistanceAvailability

This field indicates whether the target device may request additional OTDOA assistance data from the server. TRUE means allowed and FALSE means not allowed.

	multipathRSTD
This field, if present, indicates that the target device is requested to report additional detected path timing information per RSTD reference and neighbour cell.

	maxNoOfRSTDMeas 
This field, if present, indicates the max number of cells the target device can report RSTDs for at the time. 


2.4 Clause 6.5.1.9 - OTDOA Error Elements
The target device should also indicate if it was unable to measure some of the configured PRS configurations. The proposed OTDOA target device error cause is unableToMeasureSomePrsConfigurations.

Proposal 7: Introduce an OTDOA target device error cause unableToMeasureSomePrsConfigurations to represent when the device is unable to measure all configured PRS Configurations.

Text proposal:

–
OTDOA-TargetDeviceErrorCauses
The IE OTDOA-TargetDeviceErrorCauses is used by the target device to provide OTDOA error reasons to the location server.

-- ASN1START

OTDOA-TargetDeviceErrorCauses ::= SEQUENCE {


cause

ENUMERATED {
undefined,









assistance-data-missing,









unableToMeasureReferenceCell,









unableToMeasureAnyNeighbourCell,









attemptedButUnableToMeasureSomeNeighbourCells,








unableToMeasureSomePrsConfigurations,








...








},


...

}

-- ASN1STOP

3 Conclusions
The higher layer parameters for feMTC OTDOA provided by RAN1 have been translated into LPP information elements and fields in the LPP CR [3]. This discussion paper has provided some motivations for the proposed CR. 

RAN2 is kindly asked to agree to the following proposals when designing the LPP signalling to support OTDOA for NB-IoT devices:

Proposal 1: Introduce the text proposal for Prs-Info-NB
Proposal 2: Introduce the text proposal for OTDOA-NeighbourCellInfoElement in case Option 1 is selected when introducing OTDOA in LPP.
Proposal 3: Introduce the text proposal for OTDOA-NeighbourCellInfoElementNB in case Option 2 is selected when introducing OTDOA in LPP.
Proposal 4: The target device reports the used PRS configurations in case less than all PRS configurations have been used. 
Proposal 5: Introduce the text proposal for OTDOA-SignalMeasurementInformation 
Proposal 6: Introduce a configurable limit for the number of reported RSTD measurements as in the text proposal for OTDOA-RequestLocationInformation.
Proposal 7: Introduce an OTDOA target device error cause                    unableToMeasureSomePrsConfigurations to represent when the device is unable to measure all configured PRS Configurations.
4 References

[1] R1-1613798, RAN1 agreements for Rel-14 NB-IoT
[2] R1-1613797, LS on Higher layer parameters for Rel-14 FeMTC, LS out RAN1#87
[3] Report of email discussion [96#53][LTE/eNB-IoT] Positioning LPP 
[4] R1-1701885, Remaining issues of OTDOA for NB-IoT, Ericsson

[5] R1-1701886, Neighbour Cell NPRS Position Determination, Ericsson
1

